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PROMOTER SYSTEM. I TS_ PRODUCT I ON AND USE 
DESCRIPTION 

The present invention relates in general to gene expression and its 
regulation in plants. More specifically the present invention relates to a 
nucleic acid sequence coding for a promoter, expression systems incorporating 
the same, nucleic acid constructs, vectors, cells, plants, seed obtainable 
from the plants and processes for the production of male, sterile plants. 
Even more specifically the invention relates to DNA promoter sequences and 
expression cassettes, which can be introduced into plants in order to 
regulate within the same on a time and space basis the transcription of an 
adjacent, coding sequence. 

BACKGROUND OF THE INVENTION 

A promoter is a DNA sequence, which influences or determines the expression 
location and expression quantity of a gene and makes available points for the 
bonding of RNA polymerase. The position of a promoter is fixed relative to 
the transcription starting point in the genome of an organism. RNA 
polymerase is an enzyme, which can connect to the promoter and puts into 
effect the transcription of a gene, which is under the control of said 
promoter. This leads to messenger RNA (mRNA) , which is in turn used for 
protein synthesis . 

Promoters have been investigated in various organisms. - For certain species 
it was possible to find conserved DNA regions (so-called consensus sequences) 
within promoters, which are associated with different genes. It is assumed 
that these regions are bound into the part played by the promoter in the 
transcription process. The initiation of the transcription process in plants 
incorporates an interaction of the promoter with the RNA polymerase II. 
Concensus sequences were found in plant promoters above the 5 1 end of the 
transcription starting point. One of these sequences is approximately 7 base 
pairs long and is approximately 20 to 30 base pairs above the transcription 
starting point. This sequence is known as a so-called TATA box and it is 
assumed that it plays a part in RNA polymerase bonding. Another sequence 
with a length of approximately 9 base pairs is located approximately 70 to 90 
base pairs above the transcription starting point. This sequence is called 
the CAAT box and it is assumed that it plays a part in regulating the 
transcription level. Other regions above the transcription starting point 
have been identified which influence the frequency of transcription 
initiation in eukaryons . These DNA regions, known as enhancers, influence 
the activity of promoters in their vicinity. However, by definition, these 
sequences are not promoters, because their position does not have to be 
fixed . 
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In order to be able to express a foreign gene in an organism, e.g. a plant, 
the coding sequence of this gene must be placed under the control of a 
promoter and introduced into the plant. For inserting the gene to be 
expressed in the plant genome, the foreign DNA is usually brought into the 
Ti-plasmide of agrobacterium tumefaciens and the latter is then used for 
transforming the plants. A second, frequently used method is the direct 
transformation of DNA, e.g. with the aid of the "particle gun". Up to now, 
in most cases for this purpose use has been made of promoters isolated from 
bacteria or promoters of plant viruses, which lead to the expression of the 
foreign gene in the plants. For certain applications these promoters suffer 
from the disadvantage that they are of a different species and are 
consequently not subject to the control mechanisms within the plants. 

When using a plant promoter it is possible to express a foreign gene, which 
is consequently also subject to the plant control mechanisms. By testing the 
expression of the gene in front. of which the promoter was originally located, 
precise information can be obtained regarding the expression intensity, the 
time at which the gene is expressed and the expression location and these can 
be largely transferred to the expression of a foreign gene, placed under the 
control of this promoter. Another advantage is that when using a precisely 
characterized, plant promoter, planned interventions and research on the 
development of certain plant parts are possible. 

PROBLEM AND SOLUTION 

The problem of the present invention is to make available a promoter, which 
is suitable for controlling the expression of nucleic acids in plants or 
plant cells. A partial aspect of the problem is to make available promoters 
having a high expression and simultaneously tissue specificity. In another 
aspect, the problem of the invention is to provide a process for the 
production of male, sterile plants. 

One aspect of the problem of the invention is solved by a nucleic acid 
sequence coding for a promoter, which is both tapetum-specific and pollen- 
specific. 

In a second aspect the problem is solved by a nucleic acid sequence coding 
for a promoter, the nucleic acid sequence covering a range of at least 
approximately 900 nucleotides upstream of the TATA box of the sequence 
represented in SEQ ID No . 1 . 

According to an embodiment , the nucleic acid sequence covers a range of at 
least approximately 1 , 000 nucleotides upstream of the TATA box of the 
sequence represented in SEQ ID No . 1 . 
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According to another embodiment , the nucleic acid sequence covers a range of 
at least approximately 1 , 500 nucleotides upstream of the TATA box of the 
sequence represented in SEQ ID No. 1 . 

In yet another embodiment, the nucleic acid sequence covers the sequence 
represented in SEQ ID No. 1. 

According to another aspect this problem is also solved by a nucleic acid 
sequence coding for a promoter, the nucleic acid sequence covering the 
sequence represented in SEQ ID No. 2. 

In a fourth aspect the problem is solved by a nucleic acid sequence coding 
for a promoter, the nucleic acid sequence covering the sequence represented 
in SEQ ID No. 3. 

In a fifth aspect the problem is solved by an expression system covering at 
least one of the nucleic acids according to the invention. 

According to an embodiment, the expression system comprises at least one 
terminator and/or a linker. 

In a sixth aspect the problem is solved by a nucleic acid construct 
comprising a nucleic acid sequence according to the invention and at least 
part of an expressible nucleic acid sequence. 

According to an embodiment, the part of the expressible nucleic acid sequence 
or the complete, expressible sequence is linked with one of the nucleic acid 
sequences according to the invention in the sense direction. 

In a preferred embodiment, the expressible nucleic acid codes for an 
invertase. 

According to another preferred embodiment, the part of the nucleic acid 
sequence of an invertase or the complete sequence of an invertase is 
connected with one of the nucleic acid sequences according to the invention 
in the antisense direction. 

According to an embodiment the invertase is of the type present in a 
structure selected from the group comprising anthers, tapetum, pollen 
precursor cells and pollen. 

In another embodiment the invertase comes from the organism into which or 
into whose cells the nucleic acid construct is to be introduced and in 
particular from the plant group to which the species to be introduced into 
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the nucleic acid construct belongs. 

In yet another embodiment the organism is selected from the group comprising 
food plants, ornamental plants and medicinal plants. 

In a seventh aspect the problem is solved by a vector comprising one of the 
nucleic acid sequences according to the invention and/or an expression system 
9 according to the invention and/or a nucleic acid construct according to the 
invention. 

In an eighth aspect the problem is solved by a cell, particularly a plant 
cell, comprising a nucleic acid according to the invention and/or an 
expression system according to the invention and/or a nucleic acid construct 
according to the invention and/or a vector according to the invention. 

According to an embodiment the celi comprises a nucleic acid sequence 
according to the invention, which is a promoter, and a nucleic acid coding 
for an inhibitor of an invertase, the promoter controlling the expression of 
the inhibitor. 

According to another embodiment the cell is selected from the group 
comprising pollen cells, pollen precursor cells and tapetum cells. 

In a particularly preferred embodiment the cell is an arrested pollen cell. 

In a ninth aspect the problem is solved by a plant incorporating a cell 
according to the invention. . 

According to an embodiment the plant is selected from the group comprising 
food plants, ornamental plants and medicinal plants, preferably chosen from 
the group comprising rice, maize, potatoes, tomatoes and rape. 

In a further embodiment the plant is a male, sterile plant and has at least 
one further modification of its genotype, particularly a genetically 
engineering-caused change. 

In a tenth aspect the problem is solved by a seed obtainable from a plant 
according to the invention. 

In an eleventh aspect the . problem is solved by a hybrid seed obtainable by 
hybridizing a male, sterile plant according to the invention with another 
male, fertile plant and the hybrid seed is obtained from the resulting filial 
generation . 

In a twelfth aspect the problem is solved by a process for the production of 
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male, sterile plants, a nucleic acid construct according to the invention 
being introduced into a cell, particularly into a plant cell and from said 
cell a plant is produced. 

In an embodiment the plant is selected from the group comprising food, 
ornamental and medicinal plants, preferably selected from the group 
comprising rice, maize, potatoes, tomatoes and rape. 

In a thirteenth aspect the problem is solved by the use of a nucleic acid 
construct according to the invention for producing male, sterile plants. 

In a fourteenth aspect the problem is solved by the use of a nucleic acid 
sequence according to the invention for the expression of a nucleic acid 
sequence. 

In a fifteenth aspect the problem is solved by a restorer plant, 
incorporating in a cell ,. preferably in most of its cells, a nucleic acid 
according to the invention as a promoter and a nucleic acid coding for a 
further invertase, which is controlled by said promoter, the further 
invertase being different from the cell's own invertase. 

In a sixteenth aspect the problem is solved by a restorer plant, which can 
preferably be of the above-described type comprising in a cell and preferably 
in most of its cells, a nucleic .acid according to the invention as a promoter 
and a nucleic acid coding for a saccharose transport system and which is 
controlled by said promoter. 

According to an embodiment in a cell and preferably in most of its cells, it 
also incorporates a nucleic acid according to the invention as a promoter and 
a nucleic acid coding for saccharose synthase, and/or and/or cytoplasmically 
expressed invertase, whose expression is controlled by the promoter. 

In a seventeenth aspect the problem is solved by a plant, which is 
characterized in that in at least one cell and preferably in most of its 
cells it incorporates a nucleic acid construct according to the invention and 
the cell or cells also comprise a nucleic acid sequence according to the 
invention as a promoter and a nucleic acid coding for a further invertase and 
which is controlled by said promoter, the further invertase differing from 
the cell's own invertase. 

In an eighteenth aspect the problem is solved by a plant, which is 
characterized in that in at least one cell and preferably in most of its 
cells, it incorporates a nucleic acid construct according to the invention 
and the cell or cells also comprise a nucleic acid sequence according to the 
invention as a promoter and a nucleic acid coding for a saccharose transport 
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system and which is controlled by said promoter. 

In a preferred embodiment the plant also comprises the features of the plant 
according to the seventeenth aspect of the present invention. 

According to a further embodiment the plant comprises in at least one cell 
and preferably in most of its cells a nucleic acid construct according to the 
invention and the cell or cells also comprise a nucleic acid sequence 
according to the invention as a promoter and a nucleic acid coding for 
saccharose synthase and/or cytoplasmically expressed invertase, whose 
expression is controlled by the promoter. 

In yet another embodiment the further invertase differing from the cell's own 
invertase is selected from the group of invertases incorporating invertase (s) 
of Saccharomyces cerevisiae and invertase (s) of Zymomonas mobilis . 

According to another embodiment the saccharose synthase is of a heterologous 
or homologous origin. 

In a further embodiment the cytoplasmically expressed invertase is of a 
homologous or heterologous origin. 

In a particularly preferred embodiment the cytoplasmically expressed 
invertase is of heterologous origin and is preferably selected from the group 
of invertases including invertase (s) of Saccharomyces cerevisiae and 
invertase (s) of Zymomonas mobilis. 

In a nineteenth aspect the problem is solved by a seed obtainable from a 
plant according to the invention. 

In a twentieth aspect the problem is solved by the use of seed according to 
the invention for the in vitro embryogenesis of haploid or diploid or double 
diploid plants. 

In a twenty first aspect the problem is solved by a fruit, particularly a 
seedless fruit obtainable from one of the plants according to the invention. 

In a twenty second aspect the problem is solved by a fruit obtainable from 
one of the plants according to the invention, and in particular from a 
restorer plant according to the invention and its hybridization products 
according to the invention. 

In a twenty third aspect the problem is solved by a process for cloning 
promoters, which are functionally homologous to one of the promoters 
according to one of the preceding claims, the process being characterized by 
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the following steps: 

a) cloning of anther-specific invertase cDNA by RT-PCR on mRNA from anthers, 
particularly using oligonucleotides 0IN3 and 0IN4 , 

b) cloning the corresponding promoters. . 

The present invention is based on the surprising finding that promoters 
exist, which are suitable for the expression of nucleic acids in plant cells 
and have a double tissue specificity. The nucleic acids disclosed, which 
code for a promoter and which are referred to hereinafter as promoters for 
short, have an at least double specificity. They lead to the expression of 
the nucleic acid under their control in the tapetum and pollen. In addition, 
the promoters according to the invention are particularly strong and have a 
characteristic path over anther evolution subdivided into 12 phases and which 
makes it possible when using promoters according to the invention to obtain a 
time-defined, specific expression pattern. As a result of this both spatial . 
specificity, i.e. tissue specificity, and time specificity such vectors offer 
a major advantage compared with promoters inducible by an exogenous stimulus, 
such as temperature or the presence of certain compounds . If such promoters 
are contained in the genome of a plant, there is a time and space-specific 
expression of the nucleic acid(s) under the control of said promoter. 

The nucleic acid under the control of the promoter according to the invention 
can be any nucleic acid form. Correspondingly they can be coding nucleic 
acids or structural or functional nucleic acids. 

The term coding nucleic acid is understood to mean more particularly a 
nucleic acid coding for a peptide or protein. The peptide/protein can e.g. 
be a structural protein or a peptide/protein having enzymatic activity. 

A structural nucleic acid is more particularly understood to mean a nucleic 
acid leading to the formation of complexes, particularly with other 
molecules. It can inter alia be a rRNA and in particular an antisense 
nucleic acid. 

A functional nucleic acid is more particularly understood to mean a nucleic 
acid, which exerts a specific action on a system, particularly a biological 
system.. Such a specific action can e.g. be the aiding or inhibiting of 
translation or transcription. An example of a functional nucleic acid is an 
antisense nucleic acid. 

It is clear to the expert that the above definitions relate to different 
aspects of nucleic acids and consequently do not represent exclusive 
definitions. It is in fact possible for the same nucleic acid to be covered 
by two or more of these definitions . 
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The promoters according to the invention permit the space and time-determined 
expression of nucleic acids, particularly of genes in plant cells and plants. 
These can be homologous or heterologous nucleic acids or genes . The 
homologous genes are those obtained from the genetic background of the plant 
containing one of the promoters according to the invention. Thus, the genes 
or nucleic acid sequences already present in the cell are either additionally 
or alternatively placed under the control of the promoters according to the 
invention. The heterologous genes or nucleic acids are those not coming 
from or present in the genetic background of the plant containing one of the 
promoters according to the invention. 

The invention is also based on the surprising finding that it is possible to 
produce male, sterile plants, particularly when using one of the promoters 
according to the invention. For this purpose a nucleic acid coding for at 
least part of an invertase is placed under the control of one of the 
promoters according to the invention. The invertase is preferably of the 
type present in pollen and/or tapetum and which can come from the given plant 
species . Particular preference is given to the nucleic acid sequence 
according to SEQ ID No . 1 5 or part thereof. The invertase coded by SEQ ID 
No. 15 is of the type isolated from tobacco pollen. Part of the nucleic acid 
coding this invertase is brought under the control of the promoter according 
to the invention, so that the expression product of the nucleic acid coding 
the invertase acts as antisense nucleic acid and subsequently suppresses the 
expression of the invertase present in the pollen and tapetum. The antisense 
nucleic acid is produced in that the nucleic acid coding for the invertase or 
a part thereof is functionally coupled in the antisense direction to the 
promoter, optionally separated by an additional nucleic acid sequence, e.g. 
in the form of a linker. This is implemented. in that the non-coding or 
antisense strand is read by the promoter and consequently the nucleic acid 
coding the invertase is incorporated in inverted form. 

As will be shown hereinafter, under the influence of such a construct sterile 
pollen or sterile, male plants are formed. Without wishing to be bound by 
this, it would appear that as a result of the antisense nucleic acid the 
expression of the invertase in tapetum and in pollen is suppressed in that 
the antisense nucleic acid interacts with the sense nucleic acid, which is 
read by the gene of the invertase present in said tissues and consequently a 
translation no longer takes place. As a result the invertase titre in the 
tissues drops, so that firstly there is an energetic deficiency, particularly 
in the pollen and also the ratio of disaccharide , particularly saccharose, to 
one or both the monomers thereof changes. This leads to the observed 
infertility of the pollen and consequently the male infertility of plants 
carrying such pollen. 
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With respect to this mechanism it is significant that as a result of the 
tissue-specific and time expression pattern of the vectors according to the 
invention, the antisense nucleic acid specifically occurs if the invertase in 
said tissues is particularly active and must be suppressed in order to bring 
about the above-described, energetic deficiency and/or the shift of the 
disaccharide to monosaccharide ratio. As a result of the strength of the 
promoters according to the invention the antisense nucleic acid is expressed 
to such a significant extent that there is an effective suppression of the 
intrinsic invertase activity in pollen and tapetum. As a result of this 
sterile pollen and male, sterile plant formation mechanism, the pollen is 
arrested in a clearly defined stage of its development. This specific stage 
is referred to as the mononuclear microspore stage, which otherwise fertile 
pollen would pass through within the scope of normal development . 

This mechanism for producing male sterility in plants not only occurs in 
tobacco or tomatoes. The promoter can in fact be used in any plant or plant 
species. The same applies in principle for nucleic acid coding for an 
invertase or part thereof functionally linked in antisense orientation with 
one of the promoters according to the invention. As, due to the mechanism, 
there is an interaction between the invertase intrinsically contained in the 
pollen (or the extracellular invertase produced by the same) or the nucleic 
acid coding it, particularly mRNA, it is advantageous in the corresponding 
constructs according to the invention to so select the invertase sequence 
used in the construct that it is identical with the sequence of the intrinsic 
invertase or has a degree of homology therewith allowing an interaction of 
the sense and antisense nucleic acid. 

Another mechanism for producing male, sterile plants is co-suppression. The 
term co-suppression is understood to mean the effect that in the case of the 
overexpression of a gene already present in a plant, it does not lead to an 
increased formation of the peptide/protein coded by the gene and instead 
leads to a reduced formation. The action consequently corresponds to the 
antisense construct described herein comprising one of the promoters 
according to the invention and a nucleic acid, coding for an invertase and 
functionally coupled thereto in antisense orientation. Co-suppression 
evolves its action on the transcription plane. As a result the 
considerations made in connection with antisense construction concerning 
homologies of nucleic acid under one of the promoters according to the 
invention also apply here. Thus, this mechanism also represents a use 
possibility for the nucleic acid constructs disclosed herein, where a nucleic 
acid is bound in the sense orientation to one of the promoters according to 
the invention. 

The usability of mechanisms according to the invention for the production of 
male sterility or for producing male, sterile plants is not restricted to 
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specific plant families, types or species and it is instead a universally 
usable mechanism. Correspondingly plants are here understood to mean in 
general and in particular food, ornamental and medicinal plants. In the 
sense of the present invention, plants relate both to monocotyledons and 
dicotyledons, which present plant groups in the sense of the present 
invention. The use of invertases can extend both to invertases of or in both 
monocotyledons and dicotyledons. Despite the homology of invertases of 
monocotyledons and dicotyledons, there are distinct differences, which can be 
significant for construction or use. Another preferred group of plants, 
where different aspects of the invention can be applied or used, are rice 
maize, tomatoes, potatoes-, rape, soya and sugar beet. 

PREFERRED EMBODIMENTS 

The claimed nucleic acid sequences coding for a promoter or promoter 
structure comprise the sequence according to SEQ.ID. No. 1, SEQ.ID. No. 2, 
SEQ.ID. No. 3 or in each case part thereof. 

As described herein, the sequence of SEQ.ID. No. 1 was obtained from tobacco 
in a functionally oriented experiment and it was possible to show that the 
sequence as such has a promoter activity. The experts in the field are also 
aware of the fact that in such experiments frequently a longer sequence is . 
obtained, which can have additions at the 5' or 3 ' end, which are unimportant 
for the promoter characteristics . In the present case the sequence according 
to SEQ.ID. No. 1 was further characterized and it was established that it was 
possible to shorten said sequence whilst maintaining the promoter 
characteristics. A shortening of the sequence of SEQ.ID. No. 1 to a sequence 
portion or range "extending over approximately 900 nucleotides or base 
pairs/bp upstream, i.e. in the 5' direction from the so-called TATA box, 
provided adequate proof in the present case of the existence of promoter 
activity. Further embodiments of the promoter extend over a range of 
approximately 1000 or approximately 1500 nucleotides upstream of the TATA 
box. 

The promoter according to SEQ.ID. No. 2 results from a promoter of SEQ.ID. 
No. 1, which is extended by approximately 1 kb compared with the latter. 

The sequence according to SEQ.ID. No. 3 originally came from the tomato . In 
much the same way as the promoter based on the sequence according to SEQ.ID. 
No. 1 , this promoter can be further shortened within the activity and 
knowledge of the expert or can be supplemented with additional elements, such 
as e.g. enhancers, whilst maintaining the promoter characteristics. 

In the light of the finding forming the basis for the present invention, it 
is now possible to isolate corresponding, specific promoters from other 
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species, i.e. promoters corresponding to the place and time-specific 
expression pattern of the promoters according to the invention and 
consequently functionally homologous thereto. In a first step anther- 
specific invertase cDNA is cloned by RT (reverse transcriptase) PCR on mRNA 
from anthers. In the following step the promoters controlling the same are 
cloned in a manner described in the present examples. Thus, the different 
applications of the promoters described here are not restricted to the 
promoters disclosed herein and characterized by their sequence, but instead 
extends to all those promoters. having the presently described double tissue 
specificity. 

Any random promoter according to the invention can be brought into an 
expression system and can be part of an expression system. The expression 
systems are preferably suitable for expression in plants. Expression 
systems, their components (such as linkers, terminators, insertion sequences, 
markers, etc.) and structure are described in the literature, such as e.g. 
Asubel, F.M.; Brent, R. ; Kingston, R.E. et al (eds) , 1999 Current protocols 
in molecular biology, John Wiley & Sons, Massachusetts; Sambrook, J.; 
Fritsch, E.F.; Maniatis, T . ; 1989 Molecular Cloning: a laboratory manual. 
Cold Spring Harbor Laboratory, Cold Spring Harbor, N.Y. ; Clark, M.S. (1997) 
Plant molecular biology - a laboratory manual, Spring, Berlin; Jones, H. (ed) 
Plant gene transfer and expression protocols, Methods in molecular biology, 
vol. 49, Humana Press Totowa; Weissbach A. and Weisbach H (eds), 1988 Methods 
for plant molecular biology, Academic Press, San Diego, whose disclosures are 
by reference incorporated into the present text. 

Such expression systems can also be expression cassettes and there can in 
particular be restriction intersection points at a suitable distance from the 
promoter and other cassette parts, e.g. so-called linkers, which allow a 
cloning in of the nucleic acid sequence to be expressed. If the nucleic acid 
to be expressed is of the type coding for a peptide, polypeptide or protein, 
it must in particular be ensured that cloning in takes place in the reading 
range . 

The expression systems according to the invention or the vectors containing 
them can be transformed with the aid of known procedures (see above 
literature) into plants or plant cells (e.g. agrobacterium-caused 
transformation; direct transformation, etc.). 

The nucleic acid constructs according to the invention comprise at least one 
of the promoters according to the invention and at least part of an 
expressible nucleic acid sequence: As a function of the nature of the 
expressible nucleic acid sequence and the positioning thereof relative to the 
promoter, there are different application fields for said nucleic acid 
constructs. 
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As a result of the high expression strength of the promoter the latter is 
generally suitable for producing a high level of expression product. An 
expression product can be a mRNA, which is in turn translated into a peptide 
or protein. The translation product can in turn either have a direct action 
(in a biological system) or an indirect action. A direct action would e.g. 
be the production of a cytotoxin based on a peptide or the production of a 
structural protein. An indirect action would e.g. be the production of an 
enzyme catalyzing specific metabolic reactions, which in turn have an effect 
on the phenotype of the cell or the plant containing the same. However, 
another form of an expression product can be a functional nucleic acid. An 
example for this is constituted by the nucleic construct according to the 
invention and particularly that according to SEQ.ID. No. 8, which leads to 
the production of sterile pollen and consequently if such a construct is 
present in a plant, more specifically in its genome, leads to male, sterile 
plants. 

If a particularly strong expression of the nucleic acid (sequence) to be 
expressed and which is under the control of one of the promoters according to 
the invention, it is typically functionally linked with the promoter in the 
sense direction or orientation. The sense or coding strand is that which is 
transcribed (unlike the antisense direction or orientation) . An example of 
such a strong expressing nucleic acid construct is of the type described 
herein for co-suppression and its use for producing male, sterile plants. 
Another example of such a strong expressing nucleic acid construct consists 
of promoters according to the invention and nucleic acid or part thereof, 
which codes for an inhibitor of an invertase, particularly the invertase 
occurring in pollen and/or tapetum. The use of such a construct also 
represents a possibility of producing male sterility in plants. Moreover, as 
a result of this measure the construct according to the invention, where a 
promoter according to the invention is linked with a sequence coding for an 
invertase of part thereof and the sequence is connected functionally with the 
promoter in the antisense direction and which already leads to sterile pollen 
and therefore sterile plants, there can be a further reinforcement in its 
action of bringing about male sterility. 

An inhibitor for an invertase is e.g. described by Rausch, T., Greiner, S., 
Krausgrill, S, 1998, Plant Physiol. 116, pp 733-742 and Krausgrill S. et al, 
1998, plant J. 13, pp 275-280. In the case of the inhibitor cloned and 
described by Rausch et al it is a comparatively small protein of 17 kDa, 
which directly interacts with the invertase and blocks a complex and its 
enzymatic activity. In general, there are invertase inhibitors against 
extracellular and vacuolar invertases, all of which can be fundamentally 
used. Use is preferably made of an apoplasmic inhibitor, such as is 
described by Rausch et al . It is alternatively possible to use an 
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intracellular invertase inhibitor, which is linked with an apoplasmic 
(extracellular space) targeting signal. 

In general terms, as a result of the strong expression, caused by the 
promoters according to the invention, of the nucleic acids under their 
control, which is both t i s s ue - spec i f i c (pollen and tapet urn- speci f ic and 
therefore anther-specific) and also t ime -speci fi c (only during pollen form- 
ation), large amounts of a specific protein, at a specific time, are produced 
by means thereof at a specific location (anthers) from transgenetic plants. 
The specific protein can be obtained in large quantities by harvesting the 
anthers, decomposition and specific purification processes for said protein. 

Moreover, the promoters according to the invention and their use in trans- 
genetic plants allow intervention in the development of the anthers of plants 
An example is the already explained antisense expression of invertase se- 
quences, as a consequence of which the quantity of extracellular invertase 
in the tapetum and pollen is reduced leading to male, sterile plants, which 
are important in agriculture in the production of hybrid seed. 

Hybride seed is of fundamental importance for modern agriculture, because 
it gives particularly productive or high yield plants. Hybrid seed results 
from two genetically different parent parts, the difference in the genetic 
background being responsible for the special characteristics or the inten- 
sification of the positive characteristics in the filial generation compared 
with the parent plants. This is called the heterosis effect. 

When cultivating plants for producing such hybrid plants it must consequent- 
ly be ensured that there is no propagation of plants with the same genetic 
background. In the case of separate sex plants this can be ensured by 
spatial separation, but this does not provide the necessary reliability in 
every case. Alternatively the anthers of the male plants are manually re- 
moved, which is very time consuming and particularly in the case of small- 
flower plants and hybrids very difficult. The production of male, sterile 
plants and therefore the use of the promoters according to the invention 
and constructs containing them is consequently the method of choice here. 
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Further advantages result from the use of male, sterile plants. Thus, as a 
result of the limited nature of the invention leading to make sterility as a 
result of the use of the promoters according to the invention and the 
constructs containing them, the vegetative growth of the plant is not 
disturbed. 

The advantages of the promoters according to the invention, the constructs 
containing them and the plants described hereinbefore in connection with the 
production of hybrid seed also apply to transgenetic plants, which can be 
given specific characteristics using genetic engineering methods 
(additionally for the introduction of one of the promoters according to the 
invention) . In addition, when using male, sterile plants there is no risk of 
hybridizing out genetic changes to plants (due to the avoidance of flying 
pollen) growing wild or in neighbouring fields. Moreover, due to the 
specific nature of the intervention, i.e. the production of male sterility 
according to the invention, no interactions are to be expected with the 
additionally introduced, genetic changes. To this extent the promoters 
according to the invention and the constructs containing them represent 
particularly advantageous biological safety systems or transgenetic plants 
carrying in them said male sterility mechanisms, are particularly safe in the 
sense of excluding an undesired spread of plants modified by genetic 
engineering. 

The promoters according to the invention and the constructs containing them 
can also be used for producing transgenetic plants, which produce plant's own 
substances in large quantities and which can act positively on the 
development of plants, particularly the yield of fruit-carrying plants. 
Examples of such plan's own substances are growth hormones or protein 
necessary for the energy supply of the growing tissue (e.g. invertases, sugar 
transporters) . Such an increase can be directly caused by an introduced gene 
or result directly from an intervention in a control cycle. Examples of 
growth hormones having a preponderantly stimulating action are auxins, 
cytokinins , giberellins, brassinosteroids and jasmonate, whilst abscisinic. 
acid and ethylene can be looked upon as preponderantly inhibiting growth 
hormones. 

It is clear to the expert on the basis of his knowledge and also when taking 
account of the particular system to be modified, that the promoters according 
to the invention can be used not only for the up-regulation of production of 
compounds produced by the plant, but also for the reduction of substances 
produced by the plant, i.e. the plant's own substances (e.g. plant hormones). 
This reduction can be achieved by introducing degrading enzymes, inhibitors 
or so-called single-chain antibodies. Such systems can also be used for 
reducing male sterility, so that a combination of said system with the 
systems disclosed herein for producing male sterility can take place and 
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consequently the extent of male sterility can be increased. 

In the process according to the invention for producing male, sterile plants, 
introduction takes place into a plant cell of the presently disclosed nucleic 
acid construct according to SEQ.ID. No. 8 comprising one of the promoters 
according to the invention and functionally connected thereto a nucleic acid 
sequence coding for an invertase. The plant cell can be a random plant cell, 
particularly a leaf cell as a result of its totipotent character, i.e. its 
capacity to differentiate itself with each plant cell type. The plant cell 
provided with the construct is then developed or regenerated to a complete 
plant. This plant can then be vegetatively propagated, e.g. by slip 
propagation. A very similar procedure is used if male, sterile plants are 
produced using the nucleic acid construct or the system used for co- 
suppression. 

A special form of plants according to the invention are so-called restorer 
plants. Such restorer plants are necessary for increasing the yield of 
sterile, fruit-carrying plants, such as e.g. maize and rape and for 
propagating male, sterile plants according to the invention. 

These restorer plants are characterized in that they contain a construct 
leading to the production of an invertase. This invertase ensures the 
carbohydrate supply of the anthers and therefore tapetum and pollen. The 
invertase is preferably a heterologous invertase of the restorer plant, i.e. 
it differs from the invertase or invertases contained in the anthers, more 
precisely the tapetum and/or pollen. This invertase can also be different 
from that of the plant with which the restorer plant is to be hybridized. 
Suitable invertases are e.g. species-foreign invertases (e.g. invertases of 
Saccaromyces cerevisiae or bacteria such as Zymomonas mobilis) . Instead of 
invertases it is also possible to use saccharose transport systems (for the 
transport of the saccharose over the cell membrane) in conjunction with 
intracellular saccharose-cleaving enzymes (e.g. saccharose synthase or 
neutral or vacuolar invertases) . It is vital in the restorer plants 
according to the invention that the above-described, enzymatic activity 
restoring the sugar supply of the anthers is under the control of a promoter 
according to the invention. 

If such restorer plants according to the invention are hybridized with the 
male, sterile plants according to the invention, both constructs in each case 
containing one of the promoters according to the invention are contained in a 
cell or a plant . As a result of the male sterility-causing nucleic acid 
construct according to the invention, an antisense nucleic acid is formed, 
which prevents. the expression of the cell 1 s own invertase and consequently 
interrupts the anther sugar supply, so that the pollen is sterile and 
consequently there is a drastic reduction to pollen production. However, 
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simultaneously the construct introduced by the restorer plant into the plant 
(filial generation 1), and which comprises one of the promoters according to 
the invention and a nucleic acid for a preferably heterologous invertase or 
an above-described substitute system for the same, maintains a sugar supply. 
Due to the fact that for both constructs the same promoter or at. least a 
similar promoter with respect to the expression behaviour is used, there is a 
compensation of the interruption of the sugar supply (as a result of the 
mechanism causing male sterility) through the restorer plant system ensuring 
the sugar supply. This is possible in that as a result of the difference in 
the invertase system of the restorer plant, the latter is not influenced and 
consequently impaired by the antisense mechanism of the male, sterile plant. 

The restorer plants of the present invention can be subdivided into the three 
following groups. The first group comprises plants containing in their 
cells, preferably in most of their cells, one of the promoters according to 
the invention and a nucleic acid coding for a further invertase and which is 
controlled by said promoter, the further invertase differing from the cell's 
own or anther's own or plant's own invertase. The second group comprises 
plants containing in their cells and preferably most of their cells one of 
the promoters according to the invention and a nucleic acid coding for a 
saccharose transport system, said nucleic acid being controlled by said 
promoter. A subgroup of this second group of plants comprises yet a further 
of the promoters according to the invention and which controls an 
additionally present nucleic acid, which codes for a saccharose synthase 
and/or cytoplasmically expressed invertase. The third group of plants are 
restorer plants combining within them the constructs of the two first groups. 

If the male, sterile plants of the present invention are hybridized with the 
restorer plants according to the invention, the different genotypes of the 
parent cells are combined and there is consequently a coexistence of the 
different nucleic acids coding for invertase activity or corresponding 
substitutes, in each case preferably under the control of one of the 
promoters according to the invention. The thus obtained plants according to 
the invention (filial generation 1) are male and fertile and supply hybrid 
seed, which is necessary for a further occurrence of the heterosis effect and 
the production of plants, in which the actual crop product is the seed, such 
as e.g. in the case of maize or rape. 

Apart from the use of such restorer systems, it is also possible to make 
fertile again the male, sterile plant according to the invention and 
therefore convert it into a state allowing a sexual propagation, by evolving 
the pollen according to the invention arrested in the mononuclear microspore 
stage in an in vitro culturing to fertile pollen, which is then used for. 
fertilizing plants, preferably transgenetic plants, the plants described 
therein and carrying therein one of the promoters according to the invention 
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can also be called transaenetic plants . 

The sterile pollen according to the invention of the male, sterile plants is 
present in arrested form in the mononuclear microspore stage. This pollen 
can now be used in order to obtain therefrom during in vitro embryogenesis 
haploid plants, which can in turn be cultivated inter alia to homozygotic, 
diploid plants. Thus, a system and process are made available providing 
homozygotic, diploid plants advantageous for plant growing purposes. This 
system is essentially made possible in that in the process according to the 
invention for the production of male, sterile plants or from the latter 
pollen can be produced, unlike in other processes for the production of male, 
sterile plants, where no pollen is formed, such as is e.g. the case in the 
cytotoxic process for the production of male, sterile plants (described in 
Mariani C. et al , 1990, Induction of male sterility in plants by a chimeric 
ribonuclease gene, Nature 347, pp 737-741. 

The production of seedless fruit represents a further use of the male, 
sterile plants according to the invention. 

A process for the production of haploid or dihaploid, homozygotic plants as 
an important starting material for plant cultivation consequently comprises 
the steps of obtaining the sterile pollen of a plant according to the 
invention and then regenerating it by in vitro embryogenesis to haploid or 
dihaploid plants. In vitro embryogenesis as such is known to the experts in 
the field and is e.g. described in Reynolds T.L. 1997, Pollen embryogenesis, 
Plant Mol . Biology 33, pp 1-10. Fundamentally a hunger and stress step is 
required for inducing in vitro embryogenesis. In the case of the male, 
sterile plants according to the invention the sugar supply is disturbed. 
Without wishing to be bound by this, it would appear that the pollen of the 
plants according to the invention has a higher competence to pass through in 
vitro embryogenesis and at least such pollen requires no further hunger or 
stress treatment. Thus, embryogenesis based on such pollen takes place more 
rapidly and efficiently. 

DRAWINGS AND EXAMPLES 

The invention is described in greater detail hereinafter relative to 
examples, which reveal further features, embodiments and advantages of the 
invention, together with the attached drawings, wherein show: 

Fig. 1 Part (A) , photographically the different stages of flower development 
in tobacco, part (B) the weight and length of tobacco anthers as a 
function of the flower development stages and part (C) invertase 
activity in wild pollen or sterile pollen. 
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Fig. 2 An autoradiogram of a Northern Blot with which the localization of 
the extracellular Invertase NIN 88 of tobacco is determined. 

Fig. 3 The special spatial and time pattern of the occurrence of NIN 88 

protein, initially in the tapetum and then in the evolving pollen. 

Fig. 4 A diagrammatic representation of different constructs comprising 
one of the promoters according to the invention. 

Fig. 5 The sequence according to SEQ.ID. No. 1 supplemented by approximately 
1 kb and the 5 1 end and carrying notations and referred to here as 
SEQ.ID. No. 2. 

Fig. 6 In part (A) , a photograph of an anther of a wt plant (top) and 

anthers of transgenetic tobacco plants (bottom) , in which a beta- 
glucuronidase activity is under the control of one of the promoters 
according to the invention, in part (B) pollen of anther of 
transgenetic tobacco plants in which a beta-glucuronidase. activity 
is under the control of one of the promoters according to the 
invention, in part (C) , compared with (B) , pollen of anthers of 
wild plants (wt) . 

Fig. 7 Raster electron micrographs and transmission-electron micrographs 

of wild tobacco plant pollen and a male, sterile plant according to 
the invention. 

Fig. 8 A representation of the pollination of different forms of male, 
sterile plants according to the invention. 

Fig. 9 A representation of the starch accumulation of different forms of 
male, sterile plants according to the invention. 

Fig. 10 Photographs of pollen of wild tobacco plants and male, sterile 
plants according to the invention. 

Fig. 11 Photographs of the germination of pollen of wild tobacco plants and 
male, sterile plants according to the invention. 

Fig. 12 Photographs of anthers of transgenetic tomatoes containing a 
promoter according to the invention obtained from tobacco and 
controlling the expression of beta-glucuronidase. 



Fig. 



13 A Northern Blot for detecting anther-specific expression of 
extracellular invertase LIN 7 in tomatoes . 
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Fig. 14 The specific expression of LIN 7 in tapetum and pollen of tomatoes. 
Fig. 15 The genomic sequence of NIN 88. 

Fig. 16 The construct according to the invention from the promoter 

according to SEQ.ID. No. 1 and the part of invertase NIN 88 with 
antisense orientation and under the control thereof and as also 
represented in SEQ.ID. No. 8. 

Fig. 17 The sequence of LIN 7 with notations. 

EXAMPLE 1 FLOWER DEVELOPMENT IN TOBACCO PLANTS 

Flower or bloom development in tobacco plants is generally (Koltunow, A.M., 
1990, Different temporal and spatial gene expression patterns occur during 
anther development, Plant Cell 2, pp 1201-1224), subdivided into a total of 
twelve different stages, shown in part (A) of fig. 1. In the different 
stages there is a rapid increase in anther length up to stage 4 , which then 
remains roughly constant in stages 4 to 1 0 and after a further rise in stag 
11 drops back to the initial value in stage 12. With regards to the anther 
weight, there is also a rise up to stage 4, which continues less rapidly to 
stage 9, followed by a clear reduction in stages 9 to 1 1 and finally dropping 
in stage 1 2 to a value roughly below that in stage 1 (part (B) of fig. 1) . 
The enzymatic invertase activity in tobacco pollen , expressed as ug 
glucose/miopollen*h , rises up to stage 9 and then drops again (fig. 1 , part 
(C) ) . Part (C) of fig. 1 also shows the invertase activity of sterile pollen 
produced according to the -present invention. The invertase activity is 
virtually constant independently of the development stage and consequently 
proves the successful inhibition of the invertase produced by the pollen by 
means of the construct illustrated in example 4 and which is represented in 
fig. 16 and in SEQ.ID. No . 8 . 

EXAMPLE 2 : CLONING OF THE GENE OF EXTRACELLULAR INVERTASE NIN 88 FROM 
TOBACCO 

750 bp cDNA fragment of extracellular invertase NIN 77 was cloned using 
reverse transcriptase of mRNA from tobacco anthers and PCR using 
oligonucleotides OIN 3 and OIN 4, which are primers developed for the cloning 
of plant invertases (Roitsch et al . , 1995, Induction of apoplastic invertase 
of Chenopodium rubrum by D-glucose and a glucose analogue and tissue specific 
expression suggest a role in sink source regulation, Plant Physiol., 108, pp 
285-294). 



The sequence of OIN 3 is referred to herein as SEQ.ID. No. 4. 
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The sequence of OIN 4 is referred to herein as SEQ.ID. No . 5 . 

The thus found sequence of extracellular invertase NIN 77 or the cDNA 
fragment, is referred to herein as SEQ.ID. No. 6. 

The cDNA fragment of NIN 77 was then used in order to screen a genomic bank 
of tobacco in phage lambda gt 10. The positive clones obtained were again 
screened using the oligonucleotide ONT 4. The sequence of ONT 4 is referred 
to herein as SEQ.ID. No . 7 . 

From a lambda clone were then subcloned two overlapping fragments in pUC1 9 
vectors and then the clones were sequenced. Clone pNDG8 . 3 contains the 
complete promoter range and the 5' range of the structural gene, whereas 
clone pNDG8.1 contains the 3' range of the promoter and the complete 
structural gene. It was found that the cloned gene codes for an invertase 
differing from the extracellular invertase NIN 77. This novel, extracellular 
invertase was called NIN 88. 

The genomic sequence of NIN 88 is shown in fig. 15 and referred to as SEQ.ID. 
No. 1 5. 

EXAMPLE 3 : EXPRESSION ANALYSIS OF EXTRACELLULAR INVERTASE NIN 88 

The expression analysis by Northern Blot shown in fig. 2 reveals that mRNA is 
specifically localized in the anthers. To further specify the localization, 
an immunolocalization was performed in anther cross-sections using 
antibodies, directed against a fusion protein of NIN 88 and maltose binding 
protein. The result is shown in fig. 3. 

Extracellular invertase NIN 88 is initially localized in cells of the 
endothecium and tapetum and in a subsequent development stage in the evolving 
pollen, revealing a continuous activity rise of the extracellular invertase. 
The time sequence of the expression of NIN 88 is illustrated in parts A to C 
of fig. 3: Part A of fig. 3 shows the specific localization of NIN 88 - 
protein in the tapetum in an anther cross-section. Identification takes 
place by immunolocalization, which reveals a dark border on the light, bean- 
shaped structure in the interior. During pollen evolution, NIN 88 can then 
be shown in tetrads (fig. 3, part C) and subsequently in the pollen (fig. 3, 
part B) in an anther cross-section using the above-described antiserum, 
detection for the tetrads being in the form of dark coloured, oval structures 
and for pollen in the form of round structures in the interior of the cut- 
into, light, bean-shaped structure. 

This expression analysis made it possible to show that the promoter 
controlling the expression of extracellular invertase NIN 88 of tobacco is 
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both tissue-specific (pollen and tapetum) and also evolution stage-specific. 

EXAMPLE 4 : PRODUCTION OF NUCLEIC ACID CONSTRUCTS COMPRISING THE PROMOTER OF 
NIN 88 

In the case of the NIN 88 gene cloning described in example 2, the promoter 
was also cloned as part of the gene, constituted by the promoter and other 
control elements, as well as the structural gene. . Included in the 
description of example 2 was the designation of the plasmid (pNDG8.3) 
containing the promoter and the part of the NIN 88 gene used for the NIN 88 
antisense construct. 

The sequence shown in SEQ.ID. No. 1 is an approximately 3 kb fragment of the 
NIN 88 promoter. The sequence according to SEQ.ID. No. 1 is active as a 
promoter and comprises several pollen expression-specific, cis-active 
elements according to Madison et al , 1999, Plant. Mol. Biol., 41, pp 741-751: 



TGTGGTT 
GAARTTGTGA 

GAAA (NNNNNNN) TCCACCATA 
AAATGA 

Long polyadenosine-rich 
regions in the 5 ' UTR 



Twell et al. , 1991 
Twell et al. , 1 991 
Bate and Twell, 1998 
Weterings et al . , 1995 
Bate et al. , 1 996 



Fig. 5 shows the sequence according to SEQ.ID. No. 1," supplemented by 
approximately 1 kb at the 5' end and with the above notations. The 
additional 1kb of SEQ.ID. No. 2 compared with SEQ.ID. No. 1 are located in 
front of the 5* end of SEQ.ID. No . 1 . 

The sequence according to SEQ.ID. No. 1 was fusioned as a promoter (referred 
to here as NIN 88 promoter) to various, differently coding sequences, as 
shown in fig. 6. The sequences were fusioned either in the sense orientation 
or in the antisense orientation. With sense orientation mRNA formation 
occurs and consequently there is a translation product, where as in antisense 
orientation antisense nucleic acid is formed, which interacts with sense 
nucleic acid and prevents the formation of a translation product. The 
following meanings are used for the different constructs: 



GUS 

NIN 88 
CIN 1 

Ntpfrud 



beta-glucuronidase 

extracellular invertase NIN 88 from tobacco 
extracellular invertase CIN1 from chenopodium 
rubrum EMBL Acc . No. X8 17 92 

extracellular invertase Ntpfrud from tobacco 
EMBL Acc. No. ^81834 
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Invertase inhibitor the apoplastic invertase inhibitor Nt-Inh1 from 

tobacco described by Rausch (Greiner S. et al. 
1998, Cloning of a tobacco apoplasraic invertase 
inhibitor, Plant Physiol. 116, pp 733-742)./ 

EXAMPLE 4.1 : CONSTRUCT PROMOTER-GUS (SENSE) 

In this construct the approximately 3 kb fragment of SEQ.ID. No. 1 as a NIN 
88 promoter was fusioned with the beta-glucuronidase gene as the reporter 
gene in a derivative of the plant transformation vector pBI101 in sense 
orientation and used for the transformation of tobacco (Nicotiana tabacum cv 
(= cultivar, variety. Xanthi und Samsun NN) . The cloning strategy is 
described in example 4.3. The expression of the promoter in anthers was 
identified by histochemical identification of the beta-glucuronidase enzyme 
activity on tissues of intact anthers using the substrate X-GLUC. 
Identification of the expression of the promoter in pollen was provided both 
by histochemical identification of the beta-glucuronidase enzyme activity and 
by fluorometric identification in crude extracts using the substrate MUG. 

The results of the histochemical identifications are shown in fig. 6. 

Part A of fig. 6 shows the good histochemically stainable anthers as a result 
of the expression of beta-glucuronidase. Part B shows that, under the 
influence of the NIN 88 promoter, the beta-glucuronidase can also be 
identified in the pollen. The pollen of wt plants, i.e. wild plants, shown 
in part C is not stained. 

EXAMPLE 4.2 : USE OF THE CONSTRUCT PROMOTER-GUS (SENSE). FOR THE 
TRANSFORMATION OF TOMATO AND ARABIDOPSIS THALIANA 

The construct promoter GUS (sense) described in example 4.1 was also used for 
the transformation of tomatoes (Lycopersicon peruvianum) . Once again the 
identification of the specific expression of the promoter in anthers and 
pollen was provided by the histochemical identification of the beta- 
glucuronidase enzyme activity. Fig. 11 shows that GUS activity is 
specifically detectable in the anthers of the transformed line LP1-8, but not 
in the anthers of a wt plant. Only in the case of the transformed tomato (LP 
1-8), but not in the wild type, it is possible to histochemically stain the 
pollen as a result of the presence of beta-glucuronidase activity. 

This construct was also used for transforming Arabidopsis thaliana. As in 
the case of Lyopersicon, a tissue and development stage-specific expression 
pattern of the reporter gene was established under the influence of the NIN 
88 promoter. 
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It results from these transformation experiments that the promoters according 
to the invention and the constructs using them are not restricted to a 
particular plant variety or species with regards to their use and in fact 
they can be used universally for any plant. 

EXAMPLE 4.3 : CONSTRUCT PROMOTER NIN 88 (ANTI SENSE ) 

As in the case of example 4.1, the NIN 88 promoter was used and on it was 
fusioned in the antisense orientation the sequence for the fragment of NIN 88 
(corresponds to SEQ.ID. No. 6). This construct is referred to herein as 
SEQ.ID. No. 8 and is shown in fig. 16. 

Example 4.3.1: The construction of the construct according to SEQ.ID. No. 8 
takes place accompanied by. the interposing of the construct described in 
example 4.1 promoter - beta-glucuronidase in the following way: 

1 . Cloning an approximately 3 kb fragment of NIN 88 promoter in the plant 
expression vector pBI101: 

Isolation of an approximately 3 kb XhoI-BamHI fragment of NIN 88 promoter 
from plasmid pNDG8 . 3 . 

Linearization of plasmid pBI101 with sail and BamHI as the 5* end of the 
promoterless beta-glucuronidase gene. 

Ligating the fragment in the linearized vector and transformation into E. 
coli for construction of plasmid pNPG1 ... 

2. Introduction of further restriction enzyme locations at the 3' end of the 
(3-glucuronidase gene: 

Linearizing plasmid pNPG1 with SacI at the 3 f end of the promoterless 
(3-glucuronidase gene in front of the Nos terminator. 

Introduction of a linker sequence with the restriction enzyme points Sacl- 
XhoI-Hpal-Ndel-SacI by means of the oligonucleotide NPVC1 (herein SEQ.ID. No. 
9) and NPVC3 (herein SEQ.ID. No. 10) by hybridizing. 

Transformation into E. coli for construction of plasmid pNPG2 . 

3. Introduction of the missing 300 bp at the 3* end of the NIN 88 promoter 
and fusion of the 5 f end of the coding sequence of NIN 88, more precisely the 
first 12 nucleotides, corresponding to 4 amino acids of the coding sequence 
including the start ATG (methionine) of Nltt 88 with the coding sequence of 
the p-gluciironidase gene: 
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Amplification of an approximately 300 bp fragment from the NIN 88 gene by PCR 
on pNDG8.3 with the primers NPK1 (herein SEQ.ID. No. 11) and NPK1 0 (herein 
SEQ.ID. No. 12) (in each case, with the BamHI intersection point), restriction 
enzyme digestion with BamHI . 

Linearizing the plasmid pNPG2 with BamHI at the 5' end of the promoterless |3- 
glucuronidase gene. 

Ligation of the fragment in the linearized vector and transformation to E. 
coli for construction of plasmid pNPG3 (NIN 88 promoter-GUS fusion) . 

4 . Replacement of the glucuronidase gene by a NIN 88 cDNA sequence in 
antisense orientation: 

Amplification of an approximately 800 bp fragment, which is part of Exon III 
and therefore part of the cDNA of NIN 88 from the coding range of NIN 88 gene 
by PCR on pNDG8 . 3 with the primers NPK7 (herein SEQ.ID. No. 13) (with Xho 
intersection point) and NPK8 (herein SEQ.ID. No. 14), restriction enzyme 
digestion with Xhol . 

Cutting out the (3-glucuronidase gene from plasmid pNPG3 by restriction enzyme 
digestion with Smal and Xhol and isolation of the vector with the NIN 88 
promoter and Nos terminator. 

Ligation of the fragment in the vector and transformation into E. coli for 
construction of plasmid pNPAN (NIN 88 promoter - NIN 88 antisense fusion) . 

This construct can be used in order to produce the male, sterile plants of 
the present invention, in that it is transformed into a plant cell using 
known procedures and the obtained transf ormants are cultivated or regenerated 
to complete plants. The action mechanism occurring was described 
hereinbefore. The construct according to SEQ.ID. No. 8 was used for the 
transformation of tobacco (Nicotiana tabacum cv. Xanthi and Samsun NN) . 

Example 4.3.2: The male, sterile plants obtained using the construct 
described in example 4.3.1 (invertase-antisense construct under the control 
of NIN 88 promoter) , were then characterized. 

The detection of the transformation was provided by PCR using primer NPK1 5 
(specific for NIN 88 promoter)', identified here as SEQ.ID. No. 16, and primer 
NPK1 9 (specific for NIN 88 antisense construct), identified here as SEQ.ID. 
No . 1 7 . 

Phenotypical characterization revealed the following: 
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There was a normal development of the plant overall and in particular the 
flowers and anthers. The plants, which revealed the strongest phenotype, are 
characterized by the following features: 

Following the breaking open of the pollen sacs, far less pollen can be seen. 
No normal seed capsules are formed. 

Raster electron micrographs of the pollen of male, sterile plants reveal an 
abnormal form, as shown in fig. 7 (wt stands for a wild type), NT 23-81 
designates a male, sterile plant produced using the construct according to 
SEQ.ID. No. 8, as shown in fig. 16. 

Cross-sections in TEM show that the pollen is largely empty (fig. 7) . 

The germinatability of the pollen is less than 1%, cf. fig. 8. 

The starch accumulation is lower, as is revealed by a negative starch 
staining (fig. 9) . 

Fig- 10 shows light micrographs of polien of the wild tobacco type and a 
male, sterile plant (NT 23-6) (produced using the construct of SEQ.ID. No. 8 
and fig. 16) supporting this finding and also showing that the sterile pollen 
is less developed. 

Invertase activity in the anthers . is normal. _ 

Invertase activity in the pollen is significantly reduced and this confirms 
the weight specificity of the promoters according to the invention. 

The pollen of the male, sterile plants according to the invention do not 
germinate (fig. 11), but are still vital, as proved by staining with trypan 
blue and are arrested in a very early development stage, so that they are 
e.g. accessible to in vitro embryogenesis . 

Example 4.4: Further constructs and transformations using NIN 88 promoter 
Results of the lines obtained with other constructs, as shown in fig. 4: 
Detection of transformation: 

Use was made of primers NPK1 5 (corresponding to SEQ.ID. No. 16 - specific for 
NIN 88 promoter), NPK1 7 (corresponding to SEQ.ID. No. 18 - CIN1 antisense) , 
NPK1 8 (corresponding to SEQ.ID. No. 19 - invertase inhibitor sense) and NPK20 
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(corresponding to SEQ.ID. No. 20 - NTpf rud -antisense) . 
Phenotype regarding the germinatability of pollen: 

CIN1 -antisense : reduction of germinatability of pollen by up to 98% 
NTpf rud -antisense : reduction of germinatability of pollen by up to 91% 
Invertase-inhibitor sense: reduction of germinatability of pollen by up to 
81%. 

EXAMPLE 5 : POLLEN AND TAPETUM- SPECIFIC PROMOTER FROM TOMATOES 

An approximately 750 bp fragment of extracellular invertase Lin7 from tomato 
was cloned by PCR with primers OIN3 and OIN4 of genomic DNA. Analysis of 
mRNA distribution revealed an anther-specific expression. Using the 
commercial genome Walk Kit (Strategen) and starting with the Lin7 partial 
sequence, a promoter with a comparable tissue and evolution stage specificity 
was also cloned from the tomato. The sequence of this promoter is referred 
to herein as SEQ.ID. No . 3 . 

As can be gathered from fig. 13, the extracellular invertase LIN 7 from the 
tomato under the control of the promoter according to SEQ.ID. No. 3 was also 
expressed in the pollen sacs of the tomato. The more precise localization of 
LIN 7, more specifically the distribution of mRNA of Lin 7, is shown in fig. 
14 and confirms the tissue specificity of the promoter of LIN 7, i.e. the 
promoter according to SEQ.ID. No. 3, expression taking place both in the 
tapetum and in the pollen. The designations "sense" and "antisense" in fig. 
14 here refer to a negative and positive control, because for the specific 
identification of a mRNA in tissue sections by in situ hybridization, use is 
made of a complimentary, hybridizing, single-strand, antisense RNA probe. A 
sense probe which cannot hybridize, because it has an identical base 
composition, is used as a negative control. 

Fig. 17 shows the sequence of LIN 7 with notations and corresponding to 
SEQ.ID. No. 3. 

A sequence analysis of LIN 7 revealed that this promoter carries a number of 
cis-acting elements, which are pollen-specific: 

TGTGCT Twell et al . , 1991 

GAAANNNNNNNTNNANN ATN Bate and Twell, 1998 

NANANTGTGA Twell et al- 1991 

GTCAAAA Zou et al. 1994 

Long polyadenosine-rich regions Bate et al . 1996 
in the 5 1 -UTR 
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The CAAT box, TATA box and start codon ATG are in bold type. 

The features of the invention disclosed in the above description, the 
drawings and the claims can be essential, both individually and in random 
combination, for the implementation of the different embodiments of the 
invention. 



